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,QWURGXFWLRQ
(FRORJLFDO HFRQRPLF DQG OHJLVODWLYH IRUFHV DUH
FRPSHOOLQJ WKH DXWRPRWLYH LQGXVWU\ WR PLQLPL]H IXHO
FRQVXPSWLRQ$KLJKSRWHQWLDOIRUVXFFHVVLVDWWULEXWHGWR
OLJKWZHLJKWGHVLJQDVDOOUHVLVWRUVRIDYHKLFOHLQPRWLRQ
H[FHSW DLU UHVLVWDQFH FRUUHODWH GLUHFWO\ ZLWK LWV PDVV
7KHUHIRUH PRUH DQG PRUH FRPSRVLWH PDWHULDOV DUH
ILQGLQJ WKHLU ZD\ LQWR YHKLFOHV DV WKHVH HQDEOH D KLJK
GHJUHH RI OLJKWZHLJKW GHVLJQGXH WR WKHLU H[FHOOHQW
VSHFLILF PHFKDQLFDO SURSHUWLHV +\EULG VWUXFWXUHV ZLWK
FRPSRVLWHV DQG FRQYHQWLRQDO PHWDOOLF PDWHULDOV FUHDWH
V\QHUJLHV UHVXOWLQJ IURP WKH RSWLPDO XVH RI VSHFLILF
SURSHUWLHVLQWKHULJKWSODFH
7KHUHDOL]DWLRQRIVXFKOLJKWZHLJKWVWUXFWXUHVUHTXLUHV
D PDWHULDORULHQWHG DQG HIILFLHQW MRLQLQJ WHFKQRORJ\
ZKLFK LV HVVHQWLDO IRU HQVXULQJ WKH IXQFWLRQDOLW\ RI D
YHKLFOH 0HFKDQLFDO MRLQLQJ PHWKRGV ZLWKRXW SUHKROHV
VXFK DV VROLG VHOISLHUFH ULYHWLQJ DUH DEOH WR FUHDWH
YLDEOHFRPSRVLWHV LQDYHU\VKRUW WLPH(VSHFLDOO\ LI DQ
DGGLWLRQDO DGKHVLYH LV XVHG FRPSRQHQWV FDQ EH IL[HG
HIILFLHQWO\WRHDFKRWKHUDQGQHHGQRWEHKHOGRUFODPSHG
XQWLOWKHDGKHVLYHLVFXUHG
+RZHYHULWVKRXOGEHQRWHGWKDWWKHKROHVFDQQRWEH
SLHUFHG ZLWKRXW GDPDJLQJ WKH ILEUHUHLQIRUFHG SODVWLF
'XH WR WKHLU KHWHURJHQHRXV PDWHULDO VWUXFWXUH D FOHDU
GLIIHUHQW VKHDUFXWWLQJ EHKDYLRXU LV REVHUYHG 6LQFH
FRPSRVLWHPDWHULDOVXVXDOO\H[KLELWQRGXFWLOLW\DQGWKXV
VWUHVV SHDNV FDQQRW EH GHJUDGHG SODVWLFDOO\ PDWHULDO
GDPDJHLQWKHIRUPRIFUDFNVDQGIUDFWXUHVLVLQGXFHGLQ
WKHHGJHUHJLRQGXULQJWKHKROHSXQFKLQJSURFHVV7KHVH
GHIHFWV FDQ EH ILEUH IUDFWXUH FODVVLF LQWHUILEUH IDLOXUH
DQG LQWHUODPLQDU FUDFNV LH GHODPLQDWLRQV )LJXUH 
VKRZVGHODPLQDWLRQVDURXQGDSXQFKHGKROH
)LJ  9ROXPHWULF FRPSXWHG WRPRJUDSK\ VFDQ RI GHODPLQDWLRQV
DURXQGDSXQFKHGKROHLQFDUERQILEUHUHLQIRUFHGSODVWLF
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7KHODWWHULQSDUWLFXODUDUHWREHUHJDUGHGDVFULWLFDO
EHFDXVHGHODPLQDWLRQVHQGDQJHUWKHFRPSRQHQWVWDELOLW\
GXH WR UHGXFHG EHQGLQJ VWLIIQHVV DQG FDQ OHDG WR
SUHPDWXUH FDWDVWURSKLF IDLOXUH RI VWUXFWXUHV
'HODPLQDWLRQVDUHSODQLIRUPFUDFNVEHWZHHQ WZR OD\HUV
LQ D ODPLQDWH DQG WKHUHIRUH UHSUHVHQW D VSHFLDO IRUP RI
LQWHUILEUHEUHDNV$VDUXOHQRILEUHUHLQIRUFHPHQWH[LVWV
EHWZHHQ WKH OD\HUV LQ FODVVLFDO ILEUH FRPSRVLWHV VR
GHODPLQDWLRQVDUHDEOHWRJURZZLWKRXWPDMRUKLQGUDQFH
SDUWLFXODUO\ XQGHU VXIILFLHQWO\ ODUJH F\FOLF ORDGLQJ >@
6LQFHOD\HUVDUHVHSDUDWHGWKH\FDQHDVLO\EXFNOHXQGHU
FRPSUHVVLYHVWUHVVZKLFKLVZK\IDLOXUHFDQRFFXUDWDQ
HDUO\VWDJH
'HODPLQDWLRQV DUH LQGXFHG LQ WKH ILEUHUHLQIRUFHG
SODVWLF SULPDULO\ GXULQJ WKH SXQFKLQJ SURFHVV :KHQ
SXQFKLQJ WKURXJK WKH FRPSRVLWH WKH FUDFN JURZV IURP
WKHVXUIDFHDQGLVVWRSSHGDWGLIIHUHQWO\RULHQWHGOD\HUV
:KHUHDV LQGLYLGXDO OD\HUV DUH FXW DQG VSULQJ EDFN
HODVWLFDOO\WKHUHPDLQLQJOD\HUVDUHSXVKHGIXUWKHUGRZQ
DVVKRZQLQ)LJ7KXVLQWKHLQWHUODPLQDUSODQHVDWWKH
HQGRIWKHVOXJKDUPIXOSHHOLQJVWUHVVHVDUHIRUPHGWKDW
WDNH WKH PDLQ UHVSRQVLELOLW\ IRU WKH HPHUJHQFH RI
GHODPLQDWLRQV >@ )XUWKHUPRUH ZKHQ GULYLQJ LQ WKH
ULYHW IULFWLRQ RFFXUV EHWZHHQ WKH ULYHW VKDQN DQG WKH
KROH ZDOO WKHUHE\ FUHDWLQJ WUDQVYHUVH IRUFHV LQ WKH
GLUHFWLRQ RI PRYHPHQW DQG RSHQLQJ H[LVWLQJ
GHODPLQDWLRQVHYHQIXUWKHU
)LJ3XVKRXWGHODPLQDWLRQVFDXVHGE\WKHSXQFKLQJSURFHVV
$WSUHVHQWQRNQRZOHGJHH[LVWVDERXWKRZVWURQJWKH
GHIHFWVWKDWDUHLQGXFHGLQWKHFRPSRVLWHPDWHULDOE\WKH
SXQFKLQJSURFHVV DUH RUZKDW SRWHQWLDO KDUPHPDQDWHV
IURPWKHP,WLVEHFRQFHLYDEOHWKDWGHODPLQDWLRQVFDQEH
WROHUDWHG WR D FHUWDLQ GHJUHH HVSHFLDOO\ LI WKH\ DUH
ORFDWHGLQWKHUHJLRQXQGHUWKHIODWKHDGRIWKHULYHW
7KHUHIRUH D UHVHDUFK SURMHFW LV WR LQYHVWLJDWH KRZ
VHULRXVO\ WKH ILEUHUHLQIRUFHGSODVWLF LV GDPDJHGGXULQJ
VHOISLHUFH ULYHWLQJ DQGZKDW FRQVHTXHQFHV WKLV KDV IRU
WKH MRLQW )RU WKLV SXUSRVH VDPSOHV DUH SUHSDUHG XQGHU
FRQGLWLRQVVLPLODUWRWKHDFWXDOSURFHVVDQGFKHFNHGIRU
GDPDJH XVLQJ QRQGHVWUXFWLYH WHVWLQJ PHWKRGV
,QWURGXFHG GHIHFWV VKRXOG EH PLQLPL]HG E\ VHQVLEOH
DGMXVWPHQWV WR WKH SURFHVV SDUDPHWHUV )XUWKHUPRUH
VWUHQJWK WHVWV RQ SXQFKHG ILEUH FRPSRVLWH PDWHULDO
VDPSOHV DUH SODQQHG DV ZHOO DV D GHWHUPLQDWLRQ RI
SDUDPHWHUV RI VLPSOH RYHUODSSHG VKHDU WHQVLRQ VDPSOHV
ZLWKGLIIHUHQWGHJUHHVRIGDPDJHV
([SHULPHQWDO3URFHGXUH
,Q RUGHU WR GHWHFW GDPDJH LQ ILEUH FRPSRVLWH
FRPSRQHQWVQRQGHVWUXFWLYHWHVWPHWKRGVPXVWEHXVHG
VR WKDW WKH FRPSRQHQW UHPDLQV LQWDFW 6LQFH &)53 LV
EODFN DQG RSDTXH LQQHU GHIHFWV FDQQRW EH GHWHFWHG
YLVXDOO\E\WKHKXPDQH\H2WKHUPHWKRGVPXVWEHXVHG
LQVWHDGVXFKDVXOWUDVRXQGSXOVHWKHUPRJUDSK\RU/DPE
ZDYH LQWHUIHURPHWU\ >@ $W SUHVHQW KRZHYHU ;UD\
FRPSXWHG WRPRJUDSK\ RIIHUV WKH EHVW UHVROXWLRQ IRU
GHWHFWLQJGDPDJH LQFRPSRVLWHPDWHULDOVZKLFK LVZK\
WKLV PHWKRG LV SDUWLFXODUO\ VXLWHG IRU GHWHFWLQJ
GHODPLQDWLRQV LQ VHOISLHUFH ULYHWHG VDPSOHV >@ 7KH
JRRG GHWHFWLRQ FDSDELOLW\ RIIHUV WKH SRVVLELOLW\ RI
GHVFULELQJ GDPDJHV QRW RQO\ LQ IRUP DQG SRVLWLRQ EXW
DOVRTXDQWLWDWLYHO\
)RU WKH SURSHU GHWHFWLRQ RI GHODPLQDWLRQV XVLQJ
FRPSXWHU WRPRJUDSK\ LW LV DGYLVDEOH WR SUHSDUH VHOI
SLHUFHULYHWHG)53PHWDOVDPSOHVLQVXFKDZD\WKDWWKH
FRPSRVLWHPDWHULDOFDQEHLUUDGLDWHGLVRODWHGIURPPHWDO
FRPSRQHQWV $V PHWDOV VXFK DV VWHHO DQG SRO\PHULF
PDWHULDOVXVXDOO\GLIIHUJUHDWO\LQWKHLUGHQVLW\DQGWKHLU
DELOLW\ WR DEVRUE ;UD\V SURQRXQFHG DUWLIDFW
HPHUJHQFHV ZKLFK DUH UHIOHFWHG LQ FURVVIDGH
SKHQRPHQD RFFXU SDUWLFXODUO\ LQ WKH WUDQVLWLRQ IURP
)53WRPHWDO>@7KHUHIRUHLQWKHKROHHGJHUHJLRQRID
VHOISLHUFH ULYHWHG MRLQW ZKHUH GHODPLQDWLRQV RFFXU
LQFUHDVLQJO\ QR H[DFW VWDWHPHQWV FDQ EH PDGH DERXW
WKHLUH[WHQW
,Q VHOISLHUFH ULYHWHG FRPSRVLWHPHWDO MRLQWV
FODPSLQJ IRUFHV DFW EHORZ WKH IODW KHDG WR EH XVHG
QRUPDOO\LQWKHSODQHRIWKHMRLQHGSDUWV7KHVHFODPSLQJ
IRUFHV FDQ HQVXUH WKDW  XQGHU FHUWDLQ FLUFXPVWDQFHV ±
GHODPLQDWLRQV IRUPHG LQ WKH SXQFKLQJ SURFHVV DUH
FRPSUHVVHG DQG FORVHG ,Q WKLV ZD\ WKHVH YRLG VSDFHV
DUHUHPRYHGDQGFDQQRORQJHUEHGHWHFWHGE\FRPSXWHU
WRPRJUDSK\RURWKHUWHVWPHWKRGV
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)LJ  3UHSDUDWLRQ RI VSHFLPHQV EDVHG RQ WKH VHOISLHUFH ULYHWLQJ
SURFHVV
)RUWKHVHWZRUHDVRQVPHQWLRQHGDVSHFLPHQPXVWEH
IRXQG WKDW DOORZV D VHSDUDWLRQ RI WKH ILEUHUHLQIRUFHG
SODVWLF IURPDOOPHWDO DQG LQZKLFKQRFODPSLQJ IRUFHV
SUHYDLO8VLQJWKHH[DPSOHRIVROLGVHOISLHUFHULYHWLQJD
PHWKRG GHYHORSHG DW WKH /:) ZLOO EH H[SODLQHG DV
VKRZQLQ)LJ
7KH DLP LV WR SUHSDUH VDPSOHV WKDWPHHW WKH DERYH
PHQWLRQHG UHTXLUHPHQWVEXW DUH VWLOO SURGXFHGXQGHU
WKH UHDO SURFHVV FRQGLWLRQV RI VROLG VHOISLHUFH
ULYHWLQJ )RU WKLV UHDVRQ D PHWKRGRORJLFDO FRQFHSW
ZDVGHYHORSHGWKDWXVHVFRQYHQWLRQDOVROLGVHOISLHUFH
ULYHWLQJ IDFLOLWLHV DQG WRROV ,Q WKLV FRQFHSW ILEUH
FRPSRVLWH DQG PHWDO VKHHWV DUH SXQFKHG E\ D ORVW
VWDPSZKLFKGRHVQRWUHPDLQLQWKHPDWHULDOV,QWKLV
ZD\ QR FRQQHFWLRQ KDV EHHQ PDGH DQG WKH
FRPSRQHQWVFDQEHVHSDUDWHGIURPHDFKRWKHU
7KH ORVW VWDPS FDQ EH LQVHUWHG LQ D VSHFLDOO\
GHVLJQHGEODQNKROGHU7KLVKDVDGLDPHWHURIPP
DWWKHIXQFWLRQDUHDRQWKHEDVLVRIWKHVKDIWGLDPHWHU
RIFRPPRQILEUHUHLQIRUFHGSODVWLFVXLWDEOHVROLGVHOI
SLHUFH ULYHWV DQG WDSHUVYLDDQH[WHQVLYHEHYHOXS WR
PP 7KXV WKH SXQFK FDQ SLHUFH WKH KROH DQG EH
GULYHQ LQ VR IDU WKDW LW FDQ EH UHPRYHG IURP WKH
ERWWRPZLWKRXWPDQLSXODWLQJWKHMRLQLQJSDUWV
7KH EODQN KROGHU ZLWK WKH LQVHUWHG ORVW SXQFK LV
ILWWHGRQWKHSDUWVWREHMRLQHGDQGFODPSVWKHPZLWKD
SUHORDG IRUFH 7KH ULYHW SLQ PRYHV IXUWKHU XQWLO WKH
SXQFKWRXFKHVWKHMRLQLQJSDUWVDQGSLHUFHVWKHKROHGXH
WR LQFUHDVHG IRUFH ,Q WKH EODQN KROGHU D EOLQG KROH LV
DGGHGZKLFKVLPXODWHVWKHIODWKHDGRIWKHULYHWVGXULQJ
WKH SXQFKLQJ SURFHVV 8QGHU WKH IODWKHDG WKH MRLQLQJ
SDUWV FDQQRW EH FODPSHG VR LQFUHDVHG LQFLGHQFH RI
GHODPLQDWLRQV LQ WKLV DUHD LV WR EH H[SHFWHG 7KXV WKH
ILEUH FRPSRVLWH LV FODPSHG ZLWK WKLV EODQN KROGHU
FRQFHSWLQDQDQQXODUUHJLRQDURXQGWKHORVWSXQFK
6XEVHTXHQWO\ WKH SXQFK LV GULYHQ LQ IDU HQRXJK IRU
WKHWDSHUHGVKDQNWRORFDWHLQWKHSLHUFHGKROH5LYHWSLQ
DQGEODQNKROGHUDUHPRYHGEDFNDQGDZDVKHULVSODFHG
XQGHUQHDWKZKLFKKDVDQRXWHUGLDPHWHURIWKHVDPHVL]H
DV WKHEODQNKROGHU DQG DQ LQQHU GLDPHWHURI WKH VKDQN
WKLFNQHVVPP7KHVKDSLQJVWHSFDQWKHUHIRUHQRZ
EHFDUULHGRXWXQGHUUHDOFRQGLWLRQV:LWKRXWWKHZDVKHU
PDWHULDOZRXOGEHSUHVVHGXSLQWRWKHEOLQGKROHGXHWR
WKH ODFNRIXQGHUSLQQLQJZKLFKZRXOGEHDFFRPSDQLHG

E\ D VWURQJPDWHULDO GDPDJH RI WKH FRPSRVLWH )LQDOO\
WKH VDPSOH LV UHPRYHG DQG WKH ILEUHUHLQIRUFHG SODVWLF
FDQEHVHSDUDWHGIURPWKHUHPDLQLQJSDUWV
)LJ  )RUFHGLVWDQFH GLDJUDPV RI WKH WZRSDUW VDPSOH SUHSDUDWLRQ
SURFHVV
)LJXUH  VKRZV WKH WZRSDUW SURFHVV 7KH XSSHU
GLDJUDP UHIOHFWV WKH SXQFKLQJ SURFHVV ,W \LHOGV D
PD[LPXPIRUFHRIN1ZKLFKLQFOXGHVWKHVSULQJ
IRUFHRI WKHEODQNKROGHUKRZHYHU$IWHUDGMXVWPHQW WR
WDNH DFFRXQW RI WKLV WKH SXQFKLQJ IRUFH DPRXQWV WR
 N1 ,Q WKH VHFRQG VWHS WKH VKDSLQJ RSHUDWLRQ LV
FDUULHGRXWZLWKDPD[LPXPIRUFHRIN13OHDVHUHIHU
WRWKHLOOXVWUDWLRQIRURWKHUSURFHVVSDUDPHWHUV
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,Q RUGHU WR GHVFULEH H[LVWLQJ FRUUHODWLRQV EHWZHHQ
SURFHVV SDUDPHWHUV DQG GDPDJH H[WHQWV VHYHUDO
SDUDPHWHUYDULDWLRQVDUHWHVWHGDQGVFDQQHGE\WKH;UD\
FRPSXWHG WRPRJUDSK\ 7KH MRLQLQJ VSHHG LV
LQYHVWLJDWHGVLQFHWKHSRO\PHULFPDWUL[V\VWHPVKRZVD
ORDGLQJ UDWH GHSHQGHQFH >@ 6LPLODUO\ WKH VXUIDFH
SUHVVXUHLVYDULHGZLWKYDULRXVEODQNKROGHUIRUFHVZKLOH
SXQFKLQJ ZKLFK JHQHUDWHV D GLVWLQFW FRPSOH[ VWUHVV
VWDWH $FFRUGLQJ WR WKH 'UXFNHU3UDJHU FULWHULRQ
SRO\PHUV FDQ EHFRPH EULWWOH DV WKHLU K\GURVWDWLF
SURSRUWLRQ LQFUHDVHV VR WKDW ILEUH FRPSRVLWHV FDQ DOVR
GLVSOD\ D GLIIHUHQW IDLOXUH EHKDYLRXU >@ 9DULDWLRQV LQ
EODQN KROGHU GLPHQVLRQV GHWHUPLQH WKH VL]H RI WKH
FODPSHG DQG XQFODPSHG DUHDV %HVLGHV YDULRXV FXWWLQJ
JDSVPD[LPXPSURFHVVIRUFHVDQGGLHFRQWDFWIDFHVDUH
DOVR H[DPLQHG DOORZLQJ WKH GDPDJH LQIOXHQFH GXULQJ
HPERVVLQJWREHLQYHVWLJDWHG
,Q DGGLWLRQ YDULRXV FRPELQDWLRQV RI PDWHULDOV DUH
LQYHVWLJDWHG 2Q WKH RQH KDQG WKH PLFURDOOR\HG VWHHO
+& /$ DQG WKHZURXJKW DOXPLQLXP DOOR\$&
3;LQPPWKLFNQHVVDUHXVHG7KHFRPELQDWLRQVZLWK
DOXPLQLXP DUH MRLQHG LQ7 WHPSHU2Q WKH RWKHU KDQG
FDUERQILEUHUHLQIRUFHGSODVWLFIDEULFVZLWKSRO\DPLGH
PDWUL[ DQG QRQZRYHQ PXOWLGLUHFWLRQDO FDUERQ ILEUH
IDEULFV ZLWK HSR[\ UHVLQ PDWUL[ DUH LQYHVWLJDWHG 7KH
ODWWHU PDWHULDOV DUH SURGXFHG E\ ZHW SUHVVLQJ SURFHVV
XVLQJ UHVLQ ;%  DQG KDUGHQHU ;%  IURP
+XQWVPDQ7KHJODVVWUDQVLWLRQWHPSHUDWXUHZDVFKHFNHG
E\ '0$ DQG DPRXQWV WR  & 7KH VWUXFWXUH RI WKH
ODPLQDWH LV EXLOW XS LQ DFFRUGDQFH ZLWK D ODPLQDWH
V\VWHPRSWLPL]HGIRUSLQORDG67KH
ILEUHYROXPHIUDFWLRQDPRXQWVWR
6HYHUDO SDUDPHWHU FRPELQDWLRQV DUH JHQHUDWHG DQG
VFDQQHGE\FRPSXWHU WRPRJUDSK\LQRUGHU WRGHWHUPLQH
WKH VHQVLWLYLW\ RI WKH FRUUHODWLRQ EHWZHHQ LQGLYLGXDO
YDULDEOHV DQG GHJUHHV RI GDPDJH 6LQFH WKH H[WHQW DQG
IRUP RI GHODPLQDWLRQV DUH KLJKO\ VXVFHSWLEOH WR
VWDWLVWLFDO IOXFWXDWLRQV ILYH UHSHWLWLRQV DUH SURYLGHG SHU
VHULHV
5HVXOWVDQG'LVFXVVLRQ
,IVDPSOHVDUHPDGHRI&)3$DQG+&/$LW
LV QRWLFHDEOH WKDW UDGLDO FUDFNV RQ WKH VXUIDFH VWDUWLQJ
IURP WKH KROH HGJH ZHUH FUHDWHG 7KHVH FUDFNV FDQ EH
LGHQWLILHGDVILEUHEUHDNDJHZKLFKFDQHDVLO\EHVKRZQ
RQ WKH ZDUS DQG ZHIW \DUQV RI WKH IDEULF ,W FDQ EH
DVVXPHG WKDW WKHVH VXUIDFH FUDFNV DUH FDXVHG E\
WDQJHQWLDOVWUDLQVZKLFKVXJJHVWVWKDWWKHSXQFKSLHUFHV
VPDOOHUKROHV WKDQPPDQG LVSUHVVHG LQWR WKHKROH
7KLV SUHVV ILW UHVXOWV LQ D VWURQJ HODVWLF VWUHWFK RI WKH
ILEUH FRPSRVLWH LQ WKH KROH HGJH UHJLRQ LQ WDQJHQWLDO
GLUHFWLRQ 'XH WR WKH ORZ XOWLPDWH HORQJDWLRQ RI WKH
FDUERQ ILEUHV UDGLDO ILEUH EUHDNV RFFXU LQ DUHDV ZKHUH
WKHILEUHVDUHDUUDQJHGWDQJHQWLDOO\WRWKHKROH+RZHYHU
DUHDV ZLWK UDGLDO RULHQWDWLRQ RI WKH ILEUHV WR WKH KROH
UHPDLQ XQGDPDJHG DV WKH WRXJK WKHUPRSODVWLF PDWUL[
FDQ FRPSHQVDWH WKH VWUHWFKLQJ VR WKDW QR LQWHUILEUH
IUDFWXUHVRFFXU>@
)LJ3XQFKHGVDPSOHZLWKUDGLDOFUDFNVRQWKHVXUIDFH
7KLV HIIHFW FDQ EH VHHQ LQ WKH ULJKWKDQG DUHD RI
)LJXUH)LEUHVDUHUDGLDOO\RULHQWHGGLUHFWO\DWWKHULJKW
HGJH RI WKH KROH VR QR FUDFN KDV RFFXUUHG WKHUH
%UHDNDJHFDQEHVHHQEHKLQGWKLVDUHDDV WKHILEUHVDUH
DUUDQJHG WDQJHQWLDOO\6SHFLDO DWWHQWLRQPXVWEHSDLG WR
VXFK FUDFNV VLQFH WKH FRPSRVLWH LV VHYHUHO\ GDPDJHG
DQGIXUWKHUGHODPLQDWLRQFDQEHLQGXFHGDWWKHVHSRLQWV
7KLV HIIHFW FDQ EH H[SODLQHG ZLWK WKH SXQFKLQJ
EHKDYLRXURI)53PHWDOFRPSRVLWHV6LQFHWKHFRPSRVLWH
PDWHULDOLVDOZD\VDUUDQJHGDVWKHWRSOD\HUWKHPDWHULDO
LVVKHDUFXWRQWKHXSSHUVLGHGLUHFWO\DWWKHVKDUSFXWWLQJ
HGJHRIWKHSXQFK+RZHYHURQWKHXQGHUVLGHDWURXJKLV
IRUPHG LQ WKH PHWDOOLF MRLQLQJ SDUWQHU VR WKDW D ORFDO
ELD[LDOEHQGLQJRIWKHFRPSRVLWHRFFXUV6LQFHWKHUHDUH
QRGHILQHGFXWWLQJFRQGLWLRQVWKHPDWHULDOLVQRWFXWEXW
EUHDNVRII

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)LJ%RWWRPRIDQHDUO\SXQFKHG&)53VSHFLPHQ
)LJXUH  VKRZV D VDPSOH VKRUWO\ EHIRUH SXQFKLQJ
WKURXJK)RUWKLVWKHDERYHPHQWLRQHGSXQFKLQJSURFHVV
ZDVFDUULHGRXWZLWKDPD[LPXPIRUFHRI1EHORZ
WKH SXQFKLQJ IRUFH 7KH SURQRXQFHG EXOJH RQ WKH
XQGHUVLGHDQGILUVWILEUHEUHDNVRQWKHVXUIDFHDUHFOHDUO\
YLVLEOH$VFDQEHVHHQWKHVHFUDFNVRULJLQDWHZLWKLQWKH
FXWWLQJ GLDPHWHU RI PP ,W FDQ WKHUHIRUH EH DVVXPHG
WKDW WKHSLHUFHGKROHH[KLELWVDGLDPHWHU VPDOOHU WKDQ
PP7KXV WKHHODVWLFSUHVVLQJ LQRI WKHSXQFKSDUWLDOO\
EXUVWV WKH FRPSRVLWH PDWHULDO 7KHVH FUDFNV H[WHQG
EH\RQGWKHIODWKHDGDQGDUHWKHUHIRUHWREHUHJDUGHGDV
SDUWLFXODUO\FULWLFDO
)LJXUHVKRZVFHQWULFVHFWLRQDOYLHZVRI&)3$
VDPSOHV ,Q HDFK FDVH ILYH VDPSOHV RI WKH VDPH VHULHV
ZHUH DUUDQJHG LQWR VWDFNV DQG VFDQQHG WRJHWKHU ,W LV
FRQVSLFXRXV WKDW LQ WKH KROH HGJH UHJLRQ WKH LQGLYLGXDO
ILEUHOD\HUVDUHGHIRUPHGGRZQZDUGVZLWKWKHSXQFKLQJ
GLUHFWLRQ7KLVDOVRLPSOLHVWKDWWKHHODVWLFSHQHWUDWLRQRI
WKH SXQFK FDXVHV VWURQJ WUDQVYHUVH IRUFHV WRZDUGV WKH
EDVHVKHHWWKDWLUUHYHUVLEO\GHIRUPWKHFRPSRVLWH7KXV
FDUERQ ILEUH UHLQIRUFHG SODVWLF SDUWLFOHV FDQ HDVLO\ EH
GUDZQ LQWR WKH EDVH VKHHW DQG KLQGHU WKH XQGHUFXW
FRQQHFWLRQGXULQJHPERVVLQJ
7KH SXQFK KROHV FDQ EH H[DFWO\ PHDVXUHG LQ WKH
VHFWLRQDO LPDJHV ,W LV IRXQG WKDW WKH KROHV H[SDQG
FRQLFDOO\ WRZDUG WKH EDVH VKHHW VLQFH WKH ORZHU OD\HUV
DUH OHVVXQGHUSLQQHGDQGPRUH OLDEOH WREHQGDZD\2Q
DYHUDJHWKHVHFWLRQVWKHKROHVH[KLELWDGLDPHWHURI
PPDWWKHHQWU\VLGHDQGPPDWWKHH[LWVLGHRIWKH
SXQFK$VPHQWLRQHG DERYH WKHKROHPXVW EHZLGHQHG
HODVWLFDOO\LIDULYHWVKDQNGLDPHWHURIPPLVLQVHUWHG
ODWHU
2FFDVLRQDOO\GHODPLQDWLRQVFDQEHVHHQLQWKHDUHDRI
WKH KROH HGJH+RZHYHU WKHVH DUHYHU\ OLPLWHG LQ WKHLU
H[WHQWZKLFKLVGXHWRWKHKLJKXOWLPDWHHORQJDWLRQDQG
WRXJKQHVVRIWKHSRO\DPLGHPDWUL[>@
&RQFOXVLRQV
$VSDUWRIDUHVHDUFKSURMHFWWKHODPLQDWHGDPDJHLQ
VHOISLHUFH ULYHWLQJ SURFHVVHV RI )53PHWDO MRLQWV LV
LQYHVWLJDWHG3DUWLFXODUDWWHQWLRQLVSDLGWR WKHGHWHFWLRQ
RIGHODPLQDWLRQVZKLFK LVZK\VDPSOHVDUH WHVWHGQRQ
GHVWUXFWLYHO\E\FRPSXWHUWRPRJUDSK\
6LQFHDOOPHWDOSDUWVPXVWEHDYRLGHGLQWKHVFDQVD
PHWKRG IRU WKH SUHSDUDWLRQRI VSHFLPHQV GHSLFWLQJ UHDO
VHOISLHUFHULYHWLQJSURFHVVHVZDVGHYHORSHG,WKDVEHHQ
VKRZQWKDWWKHSXQFKHGKROHVH[KLELWDVPDOOHUGLDPHWHU
WKDQ WKH SXQFK ,Q WKLV ZD\ WKH SXQFK LV HODVWLFDOO\
SUHVVHG LQWR WKHPDWHULDOVRWKDW ILEUHEUHDNVH[WHQGLQJ
UDGLDOO\ HPHUJH RQ WKH VXUIDFH RI WKH ILEUH FRPSRVLWH
,QLWLDO &7 VFDQVZLWK H[DFWPHDVXUHPHQWV RI WKH KROHV
FRQILUPHG WKLV SRLQW DQG VKRZ WKH H[LVWHQFH RI
GHODPLQDWLRQV LQ WKH KROH HGJH UHJLRQZKLFK KRZHYHU
DUHVPDOO
)LJ&HQWULFVHFWLRQDOYLHZRI&7VFDQQHGSXQFKHGVDPSOHV
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7KHQH[WVWHSVSODQQHGDUHWRDFFXUDWHO\PHDVXUHWKH
GHODPLQDWLRQV YROXPHWULFDOO\ DQG WR GHYHORS D WKUHH
GLPHQVLRQDO PRGHO RI WKHP )XUWKHUPRUH YDULRXV
SURFHVV SDUDPHWHU FRQILJXUDWLRQV ZLOO EH WHVWHG DQG
HYDOXDWHG ,Q SDUDOOHO D PHWKRG ZLOO EH GHYHORSHG WR
SUHSDUH VDPSOHV GHSLFWLQJ WKH VHPLWXEXODU VHOISLHUFH
ULYHWLQJSURFHVV)LQDOO\WKHLQIOXHQFHRIGDPDJHRQWKH
VWUXFWXUDO EHKDYLRXU RI FRPSRVLWH MRLQWV ZLOO EH
GHWHUPLQHGLQTXDVLVWDWLFDQGF\FOLFWHVWV
$FNQRZOHGJHPHQWV
7KH ,*)SURMHFW  %* ()%1R  RI
WKH UHVHDUFK DVVRFLDWLRQ (XURSlLVFKH
)RUVFKXQJVJHVHOOVFKDIWIU%OHFKYHUDUEHLWXQJH9()%
H9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